Conjugal transposons play an important role in the dissemination of antibiotic resistance determinants in the streptococci and have been postulated to exist in Bacteroides fragilis. To investigate the presence of conjugal transposons in B. fragilis, we employed a Tra-derivative of the transfer factor pBFTM10 contained in the chimeric plasmid pGAT400ABglII. We attempted to restore transferability to this plasmid from a series of transconjugants generated by crossing B. fragilis TMP230 containing the TET transfer factor with B. fragilis TM4000, a standard recipient. Transconjugant TM4.2321 transferred pGAT400ABglII to Escherichia coli HB101 at almost the same frequency as did the Tra+ parental plasmid, pGAT400. Analysis of the transferred plasmids revealed the presence of 9.6 kilobases of additional DNA in every case but at different positions in independent isolates. The presence of this DNA, designated Tn4399, allowed the pGAT400ABgIII derivatives to retransfer from the TM4000 background to B. fragilis or E. coli recipients. DNA hybridization studies demonstrated the presence of one copy of Tn4399 in TMP230 and three copies at new sites in TM4.2321. Tn4399 is a new B. fragilis transposon with unique transfer properties that may play a role in the dissemination of drug resistance genes. It differs from previously described conjugal transposons by its ability to mobilize nonconjugal plasmids in cis.
Conjugal transposons play an important role in the dissemination of antibiotic resistance determinants in the streptococci and have been postulated to exist in Bacteroides fragilis. To investigate the presence of conjugal transposons in B. fragilis, we employed a Tra-derivative of the transfer factor pBFTM10 contained in the chimeric plasmid pGAT400ABglII. We attempted to restore transferability to this plasmid from a series of transconjugants generated by crossing B. fragilis TMP230 containing the TET transfer factor with B. fragilis TM4000, a standard recipient. Transconjugant TM4.2321 transferred pGAT400ABglII to Escherichia coli HB101 at almost the same frequency as did the Tra+ parental plasmid, pGAT400. Analysis of the transferred plasmids revealed the presence of 9.6 kilobases of additional DNA in every case but at different positions in independent isolates. The presence of this DNA, designated Tn4399, allowed the pGAT400ABgIII derivatives to retransfer from the TM4000 background to B. fragilis or E. coli recipients. DNA hybridization studies demonstrated the presence of one copy of Tn4399 in TMP230 and three copies at new sites in TM4.2321. Tn4399 is a new B. fragilis transposon with unique transfer properties that may play a role in the dissemination of drug resistance genes. It differs from previously described conjugal transposons by its ability to mobilize nonconjugal plasmids in cis.
Many Bacteroides fragilis strains transfer chromosomal antibiotic resistance determinants and autonomous plasmids by a conjugation process to B. fragilis and other Bacteroides species (see references 13 and 17 for recent reviews). Although autonomous transfer factors such as pBF4 and pBFTM10 (=pCP1) have been described in B. fragilis, transfer of resistance markers can also be detected from apparently plasmid-free donor cells (9, 12, 19, 20, 24) . The efficiency of transfer of tetracycline resistance from Tetr plasmid-free cells such as TM2000 and TMP230 is increased several orders of magnitude by pretreatment of the donor cells with subinhibitory concentrations of tetracycline (9, 14, 15) . Transferability in these Tetr donor cells has been ascribed to a TET element that is presumed to be located in the chromosome (9, 11, 15) . The presence of the TET element also leads to increased transfer of autonomous plasmids such as pBFTM10 but only after growth in the presence of tetracycline (9, 17) . The nature of the TET element, the mechanism of tetracycline resistance transfer, and the mechanism by which the TET element mobilizes in trans remain open questions. We and others have proposed that the TET element may represent a conjugal transposon like Tn916 of Streptococcus faecalis (2) and that the TET element transfer functions are induced by tetracycline.
By using shuttle vectors such as pGAT400, a chimeric plasmid containing pBFTM10 and pDG5 (16; this paper) can be transferred from B. fragilis to Escherichia coli by conjugation. The presence of the TET element in the donor cell increases the frequency of pGAT400 transfer of E. coli after tetracycline pretreatment.
Tra-mutants of pGAT400 have been isolated after insertional mutagenesis by TnlOOO (unpublished data) or after deletion of portions of pBFTM10 by in vitro manipulation. Most TM4000 transconjugants containing the TMP230 TET element cannot mobilize these Tra-pGAT400 derivatives.
However, rare Tra+ derivatives of the Tra-plasmids can be isolated from a unique transconjugant of a TMP230 x TM4000 cross; these plasmids all have acquired a 9.6 kilobase (kb) transposable element that we have named Tn4399. In this report, we show that Tn4399 confers transferability on Tra-deletion derivatives and Tra-::Tn1000 mutants of pGAT400 in both B. fragilis x B. fragilis and B. fragilis x E. coli crosses. Thus, Tn4399 represents a new type of conjugal transposon capable of mobilizing Tra-plasmids in cis.
MATERIALS AND METHODS
Bacterial strains and media. Characteristics of the bacterial strains used are listed in Table 1 . B. fragilis strains were grown on brain heart infusion broth (BBL Microbiology Systems, Cockeysville, Md.) supplemented with 0.5% hemin and 0.5% yeast extract (BHIS), and the medium was solidified with 1.5% agar when required. Cultures were grown in a Coy anaerobic chamber in an atmosphere of 85% N2-5% CO-10% H2. E. coli strains were grown in L broth or on L agar under aerobic conditions.
The following concentrations (micrograms per milliliter) of antibiotics were used for selective media: rifampin, 50; tetracycline, 5; ampicillin (Sigma Chemical Co., St. Louis, Mo.), 200; clindamycin, 6; and trospectomycin (The Upjohn Co., Kalamazoo, Mich.), 10.
Resuspension buffer was 8 mM Na2HPO4-2 mM NaH2 P04-0.145 M NaCl, pH 6.9.
Plasmid constructions. The shuttle vector pGAT400 ( Fig.  1) was constructed by ligating the B. fragilis transfer factor pBFTM10 to the E. coli plasmid pDG5, as previously described for the construction of a similar plasmid, pGAT500 (16) . pGAT400 can replicate in both E. coli and B. fragilis. In addition, it contains the Clnr determinant of Tn4400, which is expressed in B. fragilis, and the Ampr determinant of pDG5, which is expressed in E. coli. pGAT400 can transfer at low efficiency from B. fragilis to E. coli, as previously described for pGAT500 (16) , and can be efficiently mobilized from E. coli to B. fragilis by the broad-host-range transfer factor RK231 (an RP4 derivative)
.
A Tra-deletion derivative of pGAT400 deficient in transfer from B. fragilis to B. fragilis or to E. coli was created by deleting a series of BglII restriction fragments in pBFTM10. The resulting plasmid, pGAT400ABglII, has lost 4.0 kb and retains a single BglII site (Fig. 1B) .
TnIOOO insertion mutations of pGAT400 were isolated after mobilization by F' lac as previously described (8) . The location of Tn1000 inserted in plasmid pTGD94 (Tra-) is shown in Fig. 1A .
Transfer experiments. Filter mating techniques, doublefilter assays, and DNase experiments were carried out as previously described (22) (21), using modifications suggested by the supplier. The filters were hybridized with [32P]dCTP-labeled nick-translated probes as previously described (16) . The membranes were exposed to Kodak XAR-5 X-ray film (Eastman Kodak Co., Rochester, N.Y.).
RESULTS
Isolation of a Tetr transconjugant with unusual properties. Our initial goal was to separate the Tetr determinant from the Clnr determinant of TMP230 so that Clnr shuttle vectors could be used in mating experiments. From previous experiments, we knew that the TET transfer element, although not identical to the tetracycline resistance (Tet'-) determinant, is closely linked to it, since all Tet'_ transconjugants acquire tetracycline-inducible transfer properties (unpublished data).
A standard mating between B. firagilis TMP230, grown to log phase under conditions of tetracycline induction, and strain TM4000 was performed. The mating was interrupted after overnight incubation by vortexing filters for 30 s in resuspension buffer, and the cells were plated on BHIS agar containing rifampin and tetracycline. Tet' transconjugants were purified and screened for the cotransfer of Cln'-. Colonies that were Clns were selected for further analysis. The frequency of Tet'r transfer in the overnight mating was 106 per input donor ( Table 2 ). The selected colonies were grown to log phase and mated overnight with a suitable B. fragilis recipient with and without tetracycline induction to test for the retransfer of tetracycline resistance ( Table 2 ). All candidates retransferred Tet'r after tetracycline induction at per input donor, the same frequency seen in the original TMP230 x TM4000 mating. One strain, TM4.2321, was unusual in that it transferred Tet'-at i0' per input donor without tetracycline induction, in contrast to all other transconjugants tested, including TM4.23 and TM4.2315. Since TM4.2321 and TM4.2315 are Trsr, the TM4000 derivative containing pGAT400ABglII was used as a recipient so that Cln'r Tet'_ transconjugants could be selected.
Mobilization of Tra-shuttle vector to E. coli. The shuttle vectors pGAT400 and the Tra-deletion derivative pGAT 400A\BglII were introduced into various B. fi-agilis strains from E. coli HB101, using RK231 as the mobilizer. TM4000, TM4.23, TM4.2321, and several other Tet' transconjugants from the TMP230 x TM4000 mating were used as recipients.
B. fi-agilis strains containing the desired vectors were then used as donors with and without tetracycline induction in an overnight mating with HB101, selecting for Amp' transconjugants. All donors transferred pGAT400 at similar frequencies into E. coli (Table 3 ). The Tra-derivative pGAT400A BglII was not transferred to HB101 from TM4000 or TM4.23 but was transferred from the donor TM4.2321 both with and without tetracycline induction.
Analysis of Ampr transconjugants in HB101. (i) pGAT400 and pGAT400ABglII. No alterations of pGAT400 structure were detected by restriction enzyme analysis when plasmid DNAs from 10 Amp" transconjugants of pGAT400 transferred from each of the B. fiagilis donor cells to E. coli HB1I1 were examined (data not shown). However, restriction enzyme analysis of the Ampr HB101 transconjugants derived from the B. firagilis donor TM4.2321 containing pGAT400ABglll showed that in each case, the plasmid had been altered. In the HindlIl digests of such transconjugants (Fig. 2) , four new bands could be detected, and one band present in the original plasmid was lost. The new bands included constant 4.6-and 1.5-kb fragments and two bands that varied in size, depending on the transconjugant. The altered restriction patterns in each case indicated that a fragment with a constant size of 9.6 kb had inserted at several sites on the parental plasmid (Fig. 1C) . The two fragments of constant size are probably internal fragments of the inserted DNA; the variable fragments could represent junction fragments between the inserted DNA and the plasmid target.
(ii) pGAT400::TnlO00 (pTGD94). pTGD94 was tested for transfer to E. coli from the B. fragilis backgrounds in the experiments described above. Transfer could be detected only from the TM4.2321 donor; the frequency of transfer was similar to that of pGAT400ABgIII from the same background (Table 3 and unpublished data). HindIll digestion of the transferred plasmids demonstrated that 100% of the plasmids were altered by the addition of the 9.6-kb fragment described above; the transferred plasmids contained the new 4.6-and 1. Transfer from the TM4.23 background also depended on the presence of Tn4399 and, in the absence of tetracycline induction, occurred at frequencies similar to those found for the TM4000 background (data not shown). After tetracycline induction, the transfer frequency of pGAT400ABglII:: Tn4399#10 (#10 indicates the specific Tn4399 insertion site [ Fig. 1C] ) from TM4.23 was increased to 10-5 per input donor (Table 4) . Plasmid DNA from 10 transconjugants of each TM4000 background mating to E. coli were subjected to restriction analysis. In every case, the original Tn4399-containing plasmid was detected.
Tn4399 allows Tra-plasmids to be mobilized to B. fragis. B. fragilis TM4000 and TM4.23 containing pGAT400, pGAT400ABglII, and pGAT400ABglII::Tn4399 were used as donors to the B. fragilis recipient strain TM420 (Table 4) . pGAT400ABglII was not transferred from either strain. pGAT400 and pGAT400ABglII::Tn4399 were transferred at low frequency (10-8 per input donor) from both TM4000 and TM4.23 (in the absence of tetracycline induction), whereas pGAT400 and the Tn4399-containing derivative of pGAT 400ABglII were transferred 10-to 100-fold more efficiently from TM4.23 after tetracycline induction. pGAT400ABglII <10-1o (10) <100-l (10) pGAT400ABglII::Tn4399#10 1.1 x 10" ±+ 0.6 x 10-8 (2) 2.9 x 10-7 ± 1.0 x 1o-7 (11) pGAT400ABgIII::Tn4399#14 Mode of transfer of Tn4399-containing plasmids. Transfer of Tn4399-containing plasmids to B. fragilis and E. coli recipients was insensitive to the presence of DNase, required the solid surface of the Nalgene filter, and did not occur when donor and recipient cells were placed on separate filters stacked on each other. Thus, the transfer of Tn4399-containing plasmids required cell-cell contact, which is the hallmark of conjugation.
Origin of Tn4399. To demonstrate that the Tn4399 found inserted into pGAT400ABglII was derived originally from the TM4.2321 chromosome, DNA-DNA hybridization was used. Tn4399 was cloned into pACYC184 after isolation of the BglII-EcoRI fragment (Fig. 3 ) from pGAT400ABglII:: Tn4399 to give pDWH10. The left end of Tn4399 was subcloned into pACYC184 after isolation of the HindIll fragment identified as the left end in Fig. 2 (pDWH11L) . The right end of Tn4399 was subcloned by isolating the large HindlIl fragment (Fig. 3) and selecting for the ampicillin resistance of pDG5 (pDWH12R). The cloned intact Tn4399 and the clones containing the right and left ends of the transposon were then used as hybridization probes. HindIlldigested chromosomal DNAs of B. fragilis TMP230, TM4000, TM4.23, and TM4.2321 were transferred after electrophoresis to GeneScreen membranes. When probed with the entire Tn4399 (pDWH10), two strong bands (the 4.6 and 1.5-kb internal fragments) and six lighter bands of homology were detected with TM4.2321 chromosomal DNA (Fig. 4A ). This probe also hybridized with TMP230 DNA, showing four bands: the two stronger bands (the 4.6-and 1.5-kb internal fragments) and two lighter bands (junction fragments). A single, lighter-intensity band of 4.0 kb was detected in all four B. fragilis chromosomal digests. In addition, several very faint bands could be detected after a 14-day exposure with all of the chromosomal DNAs tested. These faint bands were identical in all chromosomal samples and did not overlap with the bands of strong homology.
In a similar manner, HindlIl-digested chromosomal DNAs of the same B. fragilis strains were probed, using either the left or right subcloned end of Tn4399. Figure 4B demonstrates three strong bands of homology with TM4.2321 and one band with TMP230 when pDWH12R, the right end of Tn4399, was used as the probe. Figure 4C shows three different bands of homology with TM4.2321 and one different band in TMP230 with pDWH11L, the left end of Tn4399, used as the probe. It therefore appeared that there were three copies of Tn4399 in TM4.2321 and only one in TM230. In addition, with the left-end probe, one light band was seen in TM4000 and TM4.23.
DISCUSSION
We report a new chromosome-borne B.fragilis transposon, designated Tn4399, that confers mobilization properties to transfer-deficient mutants of a conjugal plasmid. During mating experiments, Tn4399 is seen to transpose from the donor cell chromosome to the recipient chromosome and also into autonomous plasmids such as pBFTM1O. The 9.6-kb transposon carries no known antibiotic resistance determinants. Tn4399 is capable of transposition into several sites on the two Tra-plasmid derivatives of pGAT400 that we tested.
A novel characteristic of Tn4399 is its ability to confer mobilization properties to the Tra-derivatives of pBFTM10. This mobilization occurs at higher frequency in B. fragilis-E. coli matings but is also seen in B. fragilis-B. fragilis matings.
The ability of Tn4399 to confer transfer properties to nonconjugal plasmids is unique. Three other transposons with transfer properties, Tn9I6 in Streptococcius faecalis, Tn1545 in Streptococcus 
